THIS PACE IS INSERTED BY OIPE SCANNING 



liMAC.KS \VI I Hl^= I HIS DOCUlVlKN I AKF. Ur.S T A VAI L ABl.i: 
( OPV AND CONTAIN DI'i rXTIVi: liMAC.KS SCANNI-.I) FkOVI 

()ui(;iNAL!s sliUMi I ri:i) in nii: applk.an r. 

1)1.1 IX ri\ K IMACr.S COULD I.N( Ll'Di: Bli i AUi: NOT LIMITI I) K): 
BLACK BOROKRS 

TEXT CUT OFF AT TOP, BO I TOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 
RESCANNING DOCUMENTS WILL NOT 
CORRECT IMAGES. 



jD2f41445cov.afp Page 1 



1/1 ^— V 




(21) (Aa) 2,141,445 
(36) 1994/06/14 
(43) 1994/12/22 

6 

(51) Int.CL. H04B 7/26? n04*r 13/02 

(19) (c&) APPLICATION FOR CANADIAN PATENT (la) 

(54) Time AXignment: of Transmission in a Down-i.iiik of a CDMA. 
Syat:ein 

(72) iTedBirj Paul - Sw^eden 7 

Pi^fi&onr H&kan A. - Sweden j 
Xiarsson* Lar^i - Sweden ; 

(71) Tal^fonaktlebolaget I^M Briceson - Swodon ; 

(30) (US) Oa/Q75,893 1993/06/14 

(57) Cl?iiTnP 



noi:lcei ThlB apipllcatloq is filed and may tihere£oM eontaJLn on 
incouNplete epeeifiloatloA. 



Canada 



http://patents1 .ic.gc.ca/patimage.pdf?page=cov&patent_number=021 41 445&outJang=E 02/06/20 



^021*41 445dis.afp Page 1 



1/1 ^-V 



Wa 9400014 



21414)5 



TXKB AZrXOKHSHT OF TMHflMZSSIOH IN A OOWlf-U»X OF A COAOl ftaiTBH 

The present invention relates to tho u&e of code Division 
MUltipXe Access (Coha} CQnmuntcatlono tochnigues In c*XXular 
S Jradio teClct^lionfi comtnunlcation sysfcems^ and mora particular2.yf 
to a i&ettiod using a Oirect Sequetics'-code Division Multiple 
AccedB (Ck5-CDK&) cosomunlcation technique Ifor aligning 
t£-ancalefiions in xnaono^-dlversity down^linlcs £»» more tlian 
one bade station to the sam mobile etatlon« 

CDKA or epread spectrun coxDssunlcations have been in existence 
£ince the days of Wor-ld Kar XI* Baz-I.y eppxlcations were 
predominantly nilitary oriented* However^ today there has 
l>een an Inereaeing interest In using spread spectxuio systems 
X5 In commerolal applications , Some exaniplee incXude digital 
cellular radio^ land mobile radio, and indoor and outdoor 
personal oaiununication netvorJcs, generically referred to as 
cellular eystsns herein* 



currently, channel access In cellular systems is achieved 
20 using Freguency Division Hultiple iiocess (FI3M&) and 9?ime 
Olvi«slon Multiple Acoess (XDIfA} sbethods. xn FOKa, a com- 
munloatlon cahannel is a single radio frequency band Into vhich 
a Bignal^B transmission power Is concentrated. Interference 
with adjacent channalfi ie limited by the use at band pass 
35 filters which only pass eignal energy within the epecif led 
frequency band. Thus^ vlth each cshannel being assigned a 
different fr=guency« system capacity Is limited by the 
available fregaencies as well as by limitations xiqpoeed by 
channel reuse. 
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Zn TDMa oystems, a ohannel consista of a 1:l«e slat in a 
periodic tralit of 1;iiae intervals over the same frequency, 
Each period of tiino filots is called a frrne. A given si9n^l«a 
energy Lb confined to cms of these titae slats. Adjacent 
S channel Interference is lis^ited by the tise of a time ^ate or 
other synchronisation elessent that only pei^ses signal energy 
recaiviea at the proper time^ Thue^ 'the probleai of inter- 
ference froa different x^ative signal strength levels is 
reduced. With FCWA or TDMA systenis or hybrid FDMV^MA 
IG cyBtems, the ^oal ie to Insure that two potentially Inter- 
fering elgnals do not occupy the same freguency at the saiae 
tine* 

Capacity In a ^D9Lk system is inereaeed by eoinpressing the 
tx-ansmieeion signal into a shorter tltna slot, JLs a result, 
15 the information must be transmitted at a correspondingly 
faster burst rate %/hich Increases the anount of occupied 
spectrunL proportionally « 

rn present systems, such as GSM {Global System for Mobile 
Ooamimlcation) , titue-allgmaent of s&obile stations In an up- 
20 rinJc is used to eneure that a base station racalvea the signal 
from & nobile station in the assigned TDKA. ti^e-elot. An 
overlap into a neighboring tiaie*--&lot^ caused by different 
pxopagatlon delays for ejcainple, would cause Interference vlth 
another su^ile-to-base station link. 

2S zn csontrast to FnM& and TDMa^ code Division liultlple Access 
(CDMA) allows signals to overlap in both tina and £regaency« 
C0MA eigzials share the sane f re«3Uenqy spectrum in present day 
systeios, Zn the frequency or the time do&iain^ the tnultlple 
access signals appear to be on top of each other » 

30 Xn principle, in a. CDMA system the informational data stream 
to be txanssnitted is impressed upon a much higher rate data 
stream knovn as a signature seguence* Typically, the sig- 




p2l'41445dis.afpPage3 



1/1 



\37W 



wo 9400004 



2111145 



2.0 



IwtttM fi^quenca dat;a are binazyr providing a bit etreBin, Om 
way to genera ta this aignatura fi&i^uanc^ 1» with a pseudo-noise 
(PN) process that appears randoisi^ but can h^ repXlcated by an 
authorised Mcelver. Tiie inforaational data stream and the 
high bit rato algnettirB cegumce fitream aira contbined by 
multiplying the two bit etreams tog«ther^ aseuming the binary 
valuAs of the two bit streams are represented by +i or -1. 
Vhie ooinbinatlon or the highor bit rate eignal with the lomr 
bit rate data streatn is called coding or spreading the 
infonoationaX data etrsan signal. Each informational data 
streata or channel is allocated a unique spreading oode« - 



A plurality ot coded Information signals modulate a radio 
frequency carrier^ tor example by quadrature phase shift 
keying (QPSX) , and ar>a jointly received as a con^osite signal 

as at a receiver « Sach of the coded signals overlaps all of the 
other coded signals, as well as noise-related signals^ in both 
frequency and time. If the receiver is authorised, then the 
composite signal is correlated with one of the unique codes, 
end the corresponding information signal can be ieolated and 

20 decoded « 

One CDUA technique^ called ■'traditional cmUi with direct 
spreading^*, usee a signature sequence to represent one bit of 
Inforaation. Receiving the transmitted sequence or Its 
camplenent rt=he tranemltted binary sequence values) indlca-tes 

Z9 whether the information bit is a or "x*** The signature 
sequence usually eonprises N bits, and each bit is called a 
"chip**. The entire N-cfalp sequence, or its complemant, is 
referred to as a transmitted symbols The receiver correlates 
the received signal with the known signature eequence of Its 

30 o(m signature sequence generator to produce a normali^ted value 
ranging from -1 to +l- «hen a large positive oorrelatlon 
results, a <*0*' is detected; when a large negative correlation 
results, a **l" is detected* 



25 
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Another CDMA techniqae, called Oflnhanced CDHSH vith dlroct: 
spreading^ allows each tranamitiiafa eei^eiice to represent siore 
than one hit of Infoamatlon. a set of coda vords, typically 
orthogonal coda words or hi-orthogonal coda ^fords, is used to 
5 code & 9ro^p of InfooLation hits Xnto a taacli longer code 
^sequence or code eyiobol* A slgnatura sequence or scrauhle 
fiiasJc Is iiiodulo-2 added to the binazy code ee^enca hefore 
transmiseioxi* At the receiver, the knovn scraiable tsasK is 
tised to doficrauble the received signal, which is then cor-* 
XC related to all-poeoibls coda worda* The code word with the 
Xargefit correlation value Indicates which ccade word was nost 
liScely sent, indicating which information bits ware most 
Xiknly sent. One conxBieHi orthogonal code Is the Wal8h'4iadaMrd 
(HH) code. 

IS xn both traditional and enhanced CDHAr ganarlcally Mf erred 
to as Direct Segaezice-Code Division loultlple Access (DS- 
CDHA), the "infonaation bits*' referred to above can also be 
coded bits, where the oode used is a block or convoltxtlonal 
code, one or mora information bits can foirm a data syiobaX. 

20 Also, the signature sequence or scraioble mask can he uuch 
longer than a single code seqiiience, in whic^h case a sub- 
sequence of the signature sequence or ecranible mask is added 
^o the oods sequence « 

xn a conven^blonal cellular oanmanication systems such as AISPB^ 

29 reliable handover between base stations i& viable if the 
oarrler frequency is not changed « Handoff procedure for 

* handing a call link from one cell to another is Initiated Vhen 
the cell site receiver handling the call detects that the 
received signal strength fron a tnobile station falls below a 

30 predetezmined threshold value. A low signal strength in- 
dication loplies that the mobile station is near a cell 
border* When the signal level fells below a threshold, the 
base station queries the system controller to determine 
whether a nei^iboring baee station receives the mobile 
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t:eX«phAne signal tirith betibeor signal strength than the curr^t 
faasd station « 

ttlie dyBten controlle^^ In respon&fi to the basa 8taticm inquiry 
Mndd DAseagea to the ziAlgfabaring base ^totlono tor the 
iiandoff requests. The neighboring base stations employ 
scanning receivers whloh XoaH Xor the signal of the base 
«t:ft't;ion on a specified c(hanziel. Should one of the neigh39orlng 
base stations report an adequate signal level to the system 
controller, then a hando^f Is atteaq>ted< 

A handoff is initiated vhan an Idle channel from the nev base 
station ie 8oieated« A control message is sent to the mobile 
station conunanding it to switch from the current channel to a 
tiev channel . At the sEuae tltoe, the system controller switches 
the call Xinic from the first base station to the second base 
station. In eome systems, such as disclosed in U-s. Patent Ko* • 
5^101,501^ the call link from tha flr«t base station is 
maintained for a period after initiating and estahliehing a 
call link to the second base station* This procsess ie called 
soft handover through uacro^iversity and reduces the 
perception of the handover due to lose of data during the 
actual handover* 2Sacro-diversity inay be ifi^leaiented for 
reasone other than handover, e,g*, in noisy environments to 
. assure good signal quality « 

In a CDMA systea o vox-lap of tiiaa^-slots as in TCha systems is 
not a problem since a mobile station transmits continuously, 
and thus does not need to synchronize to csther mobile eta- 
tlons. Itovever, when a isobile station is connected to more 
than one base station in macro-diversity, there Is a n«ed to 
synchronize the base stations in the dovn-link (also 3cnov as 
the forvard linic} . 

K^cro-diversity in a CDMA system can be achieved vith cyn- 
chroniaed base stations. The base stations can be synchroni- 
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2ed with all bM© station digital transnlfi^ions being referen- 
ced to a common . CDMA. systGin-vide time scale tliat uses the 
Global Poditioxilng System (GPS) time scale, vbieih Is trdceabXe 
to and syncbrottoi20 with Universal coordinated Tina WTC) . t)ie 
5 signals from all the base stations are transsnitted at the eavife 
instant* 

figure X shows the relation of system time at various points 
in the CDMA system. The system tine at various points in the 
transmission and the reception prscesees is the absolute time 
10 referenced at the base s^tlon antenna offset by the one-way 
or roand«*trip deXay o^ the tranemission, a& appropriate* Titae 
laeasureaents are referenced to the" transmit and receive 
antennas of the base station and the radio f regency connector 
of the tKobile station^ 



20 



J25 



30 



In order to enable macro-diversity, the base stations can be 
synchronized as described above through a common time ref e^*- 
rence? «PS. therefore, the signals transnltted from the base 
stations are aynchronized in time. However , due to different 
propagation delaye in the linlcsr the signals arrive at 
different time Instants at the nobUe station, Normally in 
CDi^ systems a rake receiver is used to handle tiioe dispersion 
and the macro-diverEity oan be seen eis time dispersion from 
the rsMivers point-of-vie«r« the principle of the raXe 
receiver is to collect the energies from different paths and 
combine them before a bit-decision is made, 

Zrt unregulated environments (where the spectrum use between 
operators ±& not regulated} , it is difficult to have th^ base 
stations synchronized between different operators. Also^ a 
system that relies on a common time-reference in order to 
function properly will be sensitive to failures of the time 
reference sy&tem* 
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Xn oelXd wit:h large ndil, the diCfereiiMS in propagation 
delays b«1:vaan the base stations will bacCTia large « This 
wcttiXd increase the conplexlty c£ the receiver in a mobile 
station^ dua to the received signal needing to be buffered Tor 
at lea^t the ti«ie difference between the arrival of the first 
path from the base station with the lowest delays and the last 
path from the base station with the longest delay. The span 
in vhlch the signals csan arrive and be properly received le 
called the rake window^ Xf the cignals do not fit into the 
rake windov they will only cause additional interference. The 
use of tlrna alignment ecHanands to sync9ironi£e TDMA bursts in 
GSK is described in 6SM 0S.10« 



15 The pre&ent invention overcomas the above nentioned problems 
and a<3hlev«s synchronization of base stations in the dOWtt- 
link« on a call by call basis, when a mobile station is linked 
to more than one base station. The base stations nay or may 
not be syticihroni^ed/ but the present invention calls for only 

20 a specific cxsnnaction or comxaunications down-link to be 
syncSironlsed, tHe synchronization taking into account the 
propagation delays of the cosoaunication patfas« 

in order to synchronise the signals for a specific connactlonf 
the time difference between the connected base station *s 
25 signal and the macro-diversity candidate base station* e 
signal is measured by a mobile station « This neasuranent is 
then transmitted to the network* The measurmnents can be used 
to achieve synChroni cation by means of frame staggering* 

Jdore specifically, the present invention achieves its 
30 synchronization between the traffic channels transmitted from 
different base otations to a mobile station in the following 
manner* The mobile station measures the difference in time 
delay between reception of a reference channel, e.g., s eowwon 
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cantirol chanttel (vitih no frame staggAring) from surrounding 
bafie Bt:9t.lon^ and a rof erencse* base station. THe channels f roia 
4Xf Cerent toaoe stations nay use tlie Sana or different: frequen- 
cies « 9^hos« values are eent to a netvorlc in a measarement 
report* macro-diversity Is to be uttillzod, a n^v base 

etaticm will be told of a ti&e offset that ehouid be usod for 
the newly established call Cez* traffic channel)' connection* 
The traffic channel can be arbitrarily offset relative, to the 
control channel and other tzraf f le channel b of the Individual 
beee etation* nhen data arrived at the base station^ it Is 
transmittad according^ to t:he specified time of faet relative 
to control channel frames « The new signal jpath vill be 
received by the mobile station within a ralce window, thereby 
avoiding the introduction of unneceseary interference. Khen 
the mobile station moves away from the orl^glnal base station 
with v^lch it had a call linK toward the new base station, the 
of feet of the traffic ebanneX ie updated on a periodic baeis* 



• Aanong the advantages of the present invennioyi are that the 
base stations can be uneync^ronized because no base etation 

ZO eyhchronizetion <afi opposed to crall link synchronisation) is 
needisd for achieving macro-diversity^ Kith time aligntaent 
commands, synchronised reception in the inobile station can be 
achieved even for large ceXle^ Which is not the case for baoe 
Atation synchronization • Also, the need for buffering of the 

25 signal before paoro-diversity coinbinlng is greatly reduced, 
thereby reducing the complexity of the receiver in the mobile 
etations^ 

BBW ftBIBCBTT^PTOW GF TOE PRATOHGS 



30 



The present invention will now be described with reference to 
the aocciopanying drawing figures in which: 
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Figure 1 'shows the relation ot a systeu ^ina variom points 
in a CDMA system; 

Figure 2 illust^rates ccamnunication paths in a cellular sy 6 ten j 
Figura 3 shows variouB nine delays ax:d ot£&a^s in a cellular 
5 system in accordance with the ptreaant invention; 

Figure 4 is a riowcSkart in accordance with the present 
Invention? 

Figure 5 Illustrates the logical links for anaintalnlng 

syndhronization the noibile station K8j 
10 Figure 6 is a block: diagram of the relevant portion ot the 

mobile station In accordance with the present invention; 

Figure 7 ifi a hlocic diagram o£ the relevant portion of the 

base station in accordance with the present: Invention; 

Figure 8 id a block diagram of the relevant portion of the 
15 radio natvork controller In accordance with tha present 

invention 2 

Figure 9 ii& a block diagram of part of a control dhaxmel 
receiver Including a rakie receiver and correlators i and 
Figures lOik and lOB lllustr^ate normal and compressed vtodes of 
20 Us-CTfljA transmission^ 

DKoaTMD OT figgTPTTOfff OP TOE E^ttSgfiRRBD EHBODTMEKTS 

The present Itivention will now be described with raf erance to 
one possible embodiioent* The description should not be 
oonstraed as limitlvtt, but merely exemplary« 

ZS The following definitions for the down-link are used herein* 
The ■'active sat*^ Is the set of base stations transmitting to 
A mobile station and an «»aotive set update^< ASU Is when this 
set is modified. & handover from a first base station BSl to 
a second base station yteans that before the handover^ the 

30 active set contains only e first base station BBX and after 
the handover only base station fiS2 In nomal situations, 
Macro-'diversity is when more than one base station is' in the 
active set, Kacro-diverslty may involve base stations 
transmitting on different frequencies or on the same f requen- 

35 ey» Scf t handover between two base stations moans that macro- 
dtverslty between the two base stations is used during the 
handover, irrespective of the combining method used. Hard 
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handovAT between tTO Mtee ««at;i.ons means that TOacro-dlversity 
between the two baso stations is not used during- tHe handover' « 
Seamless handover means that the handover is not perceived toy 
the user# and could be hard oz soft handoveri^. 

5 An overview of signal path€ In a cellular system is shown In 
Pigure 2 wherein t, is the propagation delay from a ^irst base 
ctat|.on BSl to a mobile etation M6 and ifi the propagation 
delay frore a aeoond base station BSa to the mobile station Ms- 
JLl is a traffic channel offset relative to a control channel 

10 on the first base station B9X and X2 is a traffic channel 
offset relative to a contirol channel on the second base 
station Bfl2- The bade stations BSX, Bfi2 and BS3 are connected 
by land lines in typical existing syeteftis to a Radio Network: 
C3ontrolle7 RWC* Zn an actual system, there would be many base 

15 ctAtlons and a multiplicity of aicibiae stations, rurthermore 
the network could be connected to other networks by land 
lines. Figure 2 has been eiwq^lified to better cwEdiasize the 
present invention. 

Ih the cellular system, a first base etation DSl can establish 
20 a comxaunication link with a mobile station 2fS» The first base 
station BSl, in the active set, can transmit and receive 
communications from various mobile stations over a plurality 
.of commnnioatlon fennels. Stese channels are defined by the 
CCM& method « Among the comimanlcation channels is a control 
2S channel receivable by all i&obile stations upon which broadcast 
overhead messages and the H3ra are transmitted. The cellular 
system Is designed for trans»iscion both analog information^ 
e.g., speech in digitised form, and pure digital infotmation^ 
For purposes of this application, the term conununlcation link 
30 is used for any form of coumunicatlon channel between a mobile 
station and » base station in the same system or another 
system. 

fttien a call is initiated by a ttjoblle station HS^ the mobile 
station «S receives broadcaet overhead messages from neigh- 
35 boring base stations, determines which base station has the 
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strongest sigfsaXr and datanntnftfi What channels are available 
from a baso station having- the etxroti^««t signal from tlie 
respective broadcaet pverhead isossa^^. if a GonuaanirCation 
Channel Is available ^ the inobile station ns initlatae « 
5 cMBUBunlcatlon link with a first toasa station BSl. Alter- 
natively, a basa station can initiate a link with a aobila 
station HS by broadcasting the mobile stations H3 mobile 
identification nuinber (MZH) » Onoe the comniunlcatlon link is 
eetabllehad. It nay become desirable t^r the mobile station MS 

IC to be linked to wore than one base stations in macro-dlveir- 
uL^m Xhe first base station BSl traneraits and zttceives 
substantially the same inrozmatlon to and from the Stoblle 
Station MS that a second base station BS2 doe^* These 
transmitted signals are not necessarily idsntlcal^ due to 

15 interference and other factors, but are substantially 
Identical • 

Kacro-»diversity laay be used during handof f of a mobile station 
»S from one base station to another* Vhis occun when the 
mobile station approaches a border of a cell vherein the 

20 coiamxsnication link between a first base station B&i and the 
nobile station KS becoxoes tenuous* It therefore becomes 
desirable to initiate wmiaunioations with a second base 
station BS2, preferably through Koblle Assisted Handoff 
<HAHO} such as disclosed in U*S^ Patent Ho* 5,043,082 to 

25 Dahlln« However, unlike conventional systems, the present 
Invention provides seamless, soft handover of a cominunioation 
link with the mobile station MS by establishing a con- 
BLunlcation with more than one base station, e*9«, both the 
first and second base stations BSl and BSa » 

30 once the wobllc station has established coBraanlcatlons with 
a second base station th© Initial communication link with 

the first base station BSl can be dropped , Macro-diversity 
can bo used for reasons other than handover^ cucih as in noisy 
environments • 
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Xne difference' In tilittd of the received rays from the base 
etatlons can ba ^ita large even if t.ha base stations are 
eynchranlzad to each other« «hie will imply that the maxinuin 
time cpan in the ra)ce dataction has to be increased not only 
to handle the titoe diepereion but aXaordbJia delays of the 
signals fro» different base stations which can be larger^ 
e«g*^ hundreds of micro seconds* in order to not enploy 
macro-diversity tfhen it cannot be utilized in the mobile 
station ICS r the present invention toeaeures the tliae difference 
of the iaacrO"»4liver&ity candidate base station^ 6 BS2 signal and 
the connected f>a^ station BSl signal. This measure can be 
used to achieve synchronisation with the means of frame 
staggering^ 



Because only one fi^ignal originates from the mobile station MS» 
15 and two signals originate frojn the base station^ (one froni the 
first base station BSl and one from the second base station 
BS2} , synchronization is only in the down-link* Macro- 
diversity in the up-llnTc le not done in the rake receiver in 
the preferred entocdixnent^ because eignals fnaa different base 
30 stations are cotoblned In a radio network controller RNC* 
Thtisr the present invention entails synchronizing the base 
stations In^the down-linX^ on a call by call basis, when a 
nobile station Is in TOacro-diverslty . The base stations may 
or may not be synchronized, bat the present invention relieves 
35 the necessity of l>ase station synchronisation while aecom- 
wodattng for pGcopagation delay « 

in order to syncihronize the signale of a specific connection, 
the time difference between a connected base station «s BSl 
signal and the macro-diversity candidate base station B82 is 
30 measured by a mobile station KS. This measurement is than 
transmitted back to the network* The weaearements of the 
propagation delay can be used to stagger the frames of data 
thereby synchronising the two base stations involved in the 
macro-diversity communications link* 

35 The basic procedtsre ies 
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The MS mobila s^a^lon laeasuras ttut dif£«raxica in 
tine bet:weeti the reception o£ a control CbanneX 
(GCH) from th« surrounding baso stations and one 
reference baoe etatlon (COHA fr^i&e offset} • CCH Is 
a casanan control channel that ie always broadcast 
by a base station. 

Theee values are sent to the Sadlo Metworlc Con* 
trollar <RNC) in an ordinaiy tnteaeuresixent report* 
l£ th& netvork KKC deoides that macro-diversity 
should be utilis^sd^ a new base station B52 will 
then be told the titne offset that ehculd be used far 
thie traffio channel cannectlen. The traffic 
channel can be arbitrarily offset relative the OCH 
and other traffic channels of the new base station 

When data arrives! from the network hhc, the base 
station Bs shall transxait it on the next traffic 
channel frame- Thus the data is buf farad , resul- 
ting in & buffering delay. 

*Ihe new signal path will be received in the mobile 
station MS at about the same time instant as tbe old 
signal « 

VhMn the mobile station KS ttovee frow the first 
base station BSl tcvarde the new baee istatlon BS2, 
the offset of the traffic channels is updated « 



30 



35 



Ihlfi procedure Is Illustrated in the flowchart of Figure 4, 
in step SI, a call linlc is established between a first base 
station BSl and a aaobile station Wfi- Whan in active mode, the 
mobile station KS continuously measures the signal strength 
of neighboring base stations BS2^ BS3, etCr as shown in step 
S2« Alternatively, the neighboring base stations BS2, BS3, 
etc., can iaeasure the signal strength of the Mbile station 
fSS, bovever the mobile assisted handoff (HAHO) is generally 
preferred* These Dtteasurements are then transHiitted through 
the base stations in the active set, here first base station 
0S1« to the radio network controller in step £3* 
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Ttiereaf terr as sliown in s^ap 54 r a call link is initiated vitb 
at least one nelgiiboring base station BSZ, preferably tli« base 
station tiavlDg the strongest signal strength and an available 
dMitinel* She call linK can be initiated with the second base 
B station BS2 forming a Communication link vith the laobile 
station KS by broadcasting on the same channel ae tbe call 
link vlth the f Irat base etation BSl, for Instance^ The first, 
and second base stations BSl and Bfi2 can transmit on the sa&a 
or different frequencies , i/hichever is advantageous, as ^hown 

10 in step BS, the mbile station KS neai&uree the differance in 
-tine delay between the reception of a channel Vith no fzante 
staggering (a^g., a common control channel) from surrounding 
base stations and a reference base station* These valtzas are 
«ent to a network in a measureiaent report* Zf macro-diversity 

15 Is to be utilised, a nev base station B2 vill transmit data in 
a traffic channel with the time offset that should be used for. 
the nevly established tr^aff ic channel connection* Ulen 
data arrives at the second base station BS2 from "Wie netwoz-K 
HKC^ it is transiaitted according to the specified tivte offset 

20 relative to the control channel frai^es* The new signal path 
will be received by the niobile station H3 within a rmXe window 
of a rake receiver Such as disci osod in U.S. Parent 
licatxon Serial Ho* 07/857,433, filed Harch 2S^ 1992, and 
allowed Harch X993. This avoids the introduction of 

25 unnecessary interference. 



30 



When the nobile stai:ion KS noves away from the original base 
station BSl vith which it has had a call link and toward the 
new* base station B52, the offset of the traffic channel is 
updated on a periodic basls^ At step SC, one of the call links 
(eithar from the first base station BSl or the second base 
station BS2) can be disconnected, which la typically done in 
a mil handoff . 



35 



To explain the sat-^up procedure of loacro-diversity syn- 
chronisation in detail r the following notations are used with 
reference to figures 3 and 3s 



Duration of one frane, e.g. lO ns. 
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>s TiranemlBslon delay from radio network conteoller 
to -the first base st&tlon BSl, 

Transmission delay from radio network controller 
to ttie second base station 
T " H^xinuiu radio network controller-baAe station 

delay difference for two base statione« 
r| Propagation delay from the f iret base station fisi 

to tlie mobile station HS, 
» Propagation delay £rou the eecond base station 
BS3 to the mobile station HS^ 
7 ■ KarinujB base etatlon^oblle station delay dif- . 
ference for tvo base stations ^ 
«» traffic channel offset relative to a control 
channel CCH on the first base station £81, 
1^ ^ Traffic crtiannel offset relative to a contjrol 

channel CCH on the second base station 
Tj^ Buffering delay In first base station BSl, 

«^ Baf faring delay In the second base station BS2« 
T, « Measured offset in the iBobile US of the control 
Channel CCH from the second base station BS2 
relative to the control channel CCH from the 
first base station BSl. 

Ihe radio network controller RNC is assumed to send a data 
frttse to both base stations BSl, B&2 at the same tine when 
25 nacro-dlversity is euplcyed. Ofhe radio network controller- 
base station delays and can be variable from frame to 
frame - ¥he difference in delays Is further assumed to be less 
than T ^ couple of mllll-seconds) , l.e.« 

|T, - fPjj 

30 Also assutaed is that the ptropagation delay difference is 
bounded as 

It id also aesutsted that the mobile station KS listens to the 
first base station BSl on first traffic channel TCH1« TOe 
35 first traffic channel frames starts after the first control 
Ghamel (CCHl) frames at the first base station psi- is aet 
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26 



by tba radio zifilivork contiroller' 7he resulting tine "to buffer 
the £ra»M in the fi«t tase station BSi before transmission 
• is then T^,r and if is variable, the buffering ti»e 'S^^ will 
also be variable. 



10 



When the second base station &S3 found to be etrong enough 
for aacro-dlvereity^ the tneaeutree the tine delay of the 
first: control channel CCHl frosn 'tee second bases station 8S2 
relative to the first control channel cCHl of the first base 
station BSI- T„ is reported to the radio networX controller 



IS 



.The radio controller knows JL^ at the first base station BS1« 
The to be used as offset for the second' traffic channel TCHS 
relative to the second control channeL 0GK2 at the sacxsnd base 
station &S2 has to be determined by the radio network control- 
ler. 



When the second base station BBZ ns^a the value, the 
resulting tiise to buffer the fra&ies from the radio networlc 
controXler is T^«^ 



The radio networX controller determine vhat 1^ to use as 
20 follows, ^e tine from a frame that leaves the radio network 
controller until it is beginning to be received at the mobile 
station KS nzust be equal for the two paths 2 



^1 * * '^l 



CD 



The r^Torted time daXay between the control channels GCHl and 
25 CCH2 let 



These two equations yield 



^2 - - 



(a) 



which deterraine9 the offset of the eecond traffic channel 
30 frames relative the second control channel CCH2 frames at 

the second base station B32« 
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VitJti thA second traffic channel offset Jl^ frosn abov« and £rom 
e^raation (l) , the resulting buffering tiioe in the second base 
station B82 is 



<4) 



5 ouist be positive, sinco tbe second base station fiS2 cannot 
transmit before It has received the frajaa from the radio 
netvork controller. ThArefore, It is necessary ttiat 



^1 > T + T 



(SI 



]?urther, must be less than , since othervise the second 
10 base fft^arz-ijott BSZ would transmit the data at least one frame 
too early* Therefore, it is necessazy that 

T^^, < - + r), (6) 

These conditions (S) and {6) can only he satisfied If 

T * r < T,/2^ (7) 

IS ThuSf the first base station BSl needs to report the first 
base station buffering delay to the radio network control- 
ler RUC, eo that the radio network controller JBtMC can increase 
If "S^ is too low, and decrease 1, If Is too high* 
Further, the ioaxiwu» delay difference x on the radio networJ; 

20 controller-base station interface betveen two base stations 
must satisfy equation (7) above* 

If and estimated^ then timing advance can be used 

froM tht radio network controller MIC to the base stations, 
thus minimizing tha resulting 

25 Wtien the mobile station MS is moving, and will change 
slowly. Based on tacbile station KS reports of t,, the radio 
network controller can i^date and cTonrtinuously to 
maintain the synchronization of the signals at the isobile 
station KS* The detector time span and the delay spread of 

30 the channel will determine how often it is necessary to update 
the traffic channel offset values. 
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Xt « new (^hirtf) bas^ fi^a^ion ptarta transml-ttilncr mo che 
tsotolle otation MS, It Is necessary that equations (5) and <€) 
aibove ana satisfied fQT at least one of the first and second 
. hase fitatton BSI and BS2 (exchanging £or Ti^) Thiae, T^^ or 
5 mist be monitored. If necee^ary^ and has to be 

Increaeed/decr eased by tbe same amount. Khen the first base 
station BSl stops transmitting ^ and only tbe second base 
Citation BS2 reualna, there are tvo options* Either , T 
specifies the maxlmuvL delay difference between aU baee 

XO stations In the area where the mobile station Ms slovas. Then, 
1^ Is not necessary that agnations (5) and <G) are satisfied 
for at the seocind bese statl<^n BS2« It is enough with one 
ba3« station onoe doing so^ vhioh will guarantee theii O < < 
for all other base stations* On tha ether hand, if T only 

IS applies to base stations that can be in soacro-dlversity 
together^ .then 1^ ^« adjusted so that eguatlons {5) and 

(6) are satisfied for the eecond base station 2 (T^^) when 
the first base station B61 Is disoonnected* 



When the traffic channel offset X is increased, the base 
20 station must Include a nUniber of duxraay chips between two 
transmitted symbols « Xf 1 is decreased, a number of chlp& ha^ 
to be removed from one symbol before transmission. Thus, 
there is a need Cor a chip buffer at the tranemltter. The 
mobile station >s correlator vlll then find the displaoedl 
25 correlation poak, but the probability Of eyinbol error will he 
Increased for the symbol of displacomant. The change of K 
should not exceed the search window size in the «ioblle etatlon 
correlator. 

Figure 9 summarixes whet sn&aeureuent^ anct parameters are 
30 communicated In the system to maintain synOhronlaatlcn of the 
signals at the mobile station KS- 

tatong the base stations transmitting to the mobile station K8/ 
one base station BSi, BS2 or bs3 is defined as reference base 
station to laeasure of in the mobile station MS- Together 
35 with pilot strength meaeurements of transmitting and neigh- 
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boriiKf baee stations, a cantral channel offset irela^ive tho 
control channel CCH of the reCerence base fitation ehall bo 
reportad^ This mdans that it Ifi not enough to corrolata vith 
the pilot coaemrd* 

5 Above^ it wae aesttined that the radio natvorX controller-base 
station dlalay difference (T, - Tg) can be bounded with T* 

' xt the radio natwork controllArwbaee fitetlon delay difference 
- cannot be bounded (whidh may be the case with packet switched 
: radio netvorJc controller-baee station interface] , there are 
XO caees trtiere the two f reines that should arrive in the mobile 
; srtBtlen KS actually arrive with an offset of one f raiiie« 



Tt the delay can be Increased to the delay of the most delayed 

• frame, two possible solutions are foreseen s 

(1) The fraxaee on the control channel CCH are numbered 
IS and the delay aeasureaient are accompanied vith the miiabers 
(the relative offset nay suffice) j and 

(2J *jvn Initial synchroni nation ie performed by 

sending out a start frame synchronously f rop the radio netWOTK 
controller and, et recoption In the base stations « the c<ttitrol 
20 ctiannels ccHs begrln directly afterwards* 

The latter rei^uires^ that the base station must l9e re-»ynchro~ 
niaed «rhenever a base stat-ion is talcen into operation^ e«9« « 
a now base station, a repaired base station etc. 

• Xt wy be desirable to control the signals fron the different 
25 base stations to arrive^ with a controlled delay at the mobile 

station US* (This vould be the case if the same codewords are 
used at both base etatione. The delay uxust be larger than the 
delay spreadr to allow identiflcat;ion of each base station^} 
^e Mine technlqua as described above can be used. 

30 If the ralce detector can have a large time 9pan« in the order 
of milliseconds r it can be argued that synchronization of 
signals at the HS is not an iioportant lseue« It 
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however r m foguations (&) and (6) need -to be satisfied vit:h 
an additional Hena r6pr©a«ntiiig the time di££erftnc6 aZ the 
Signals wten arriving at the ws. Thus, equations (7) still 
a«edB to M eatisf i«d« 

S The present invention allows synchronization per laobile 
s^t:ion for soft handover on ona radio freguaney, under 
certain circumatanoes^ The radi6 networX controller-ba&e 
station delay difference must be bounded to less than half o£ 
the CDH& frame duration (a couple of millisecondB} • For each 

10 noblle station e refeirapea base station is identified. The 
mobile station HS heedd to measure the cohtroX channel offset 
of all measured fcace stations relative the reference hase 
station. The base stations need to report to the radio 
network controller WJC the buf f erix^g time before tranewtesion 

IS in the base stations* Then, With ttee of the timing advance 
<traff ic channel offset) method, the jraka detector time span 
need not be dimensioned for propagation delays- Even If the 
»lce detector time span can be made large easily^ ^e con- 
straint on delay dif f ejrence on the radio network controXler- 

20 base station interface still has to be considered. 

Figure € illustrates in block diagrammatic form the pertinent 
parts of the snobile station «S» . The. mobile station KS 
Includes a receiver €0 connected to a pair of demodulators 61A 
and €1B for demodulating the signal received on- a first 

25 channel oCH 1 and a second channel CCH 2, respectively* The 
demodulated signal Is then fed to a pair of receivers fiZA and. 
62B for receiving first channel arid the second channel 
demodulated signals, respectively. After the pair of re- 
ceived e^A and €2B, the signals are fed to a delay measure- 

30 naent unit The delay measurement- unit measures the delay 

In accordance within equations above to produce a control 
channel offset T^. The control channel offset is then fed to 
a control channel gehearator 64 vhich generates the signal for 
transmission on the control channel. This signal is then fed 

35 to a spreader €S which spreads the signal in accordance with 
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a ss-CDICA t^edinique. ttihe spread signal m th&n fed -to a puls« 
sbaping ciroait €6 for 'fcran^iaQion by a t:F9in8mi^ter 

Figure 7 ^ow& 1:he per^inon^ part; of a b&ee fitat-ion* 
cilrcaifcry includes a receiver 70 connected^o a demodulator 71 
5 which receives « e.9. , contirol channel signals from mobile 
e^ations MS- The demodulat^ed eignal is then fed to a channel 
nceivar 72 , the output of which is the control channel offset 
TH f ro» a mobile station KS « 

on t^e tramnlt side of the haae station Bs, a traffic channel 
10 generator 73 receives inf ormatioA and- outputs a signal to a • 
spreader 74- The spreader 74 super iniposes a higher rata code 
on -the " information signal from the traffic channel 73 in 
aocordauce With DS-CDMA technique* However, the coded signal 
is del^Ved hy the traffic channel offset X^, in t^e spreader 
15 74 accorditig to the above equations^ The delayed signal ie 
then sent -to a pulse shaper 75 and transmitted by a trans«iit- 
ter 76 in a oonventional f asHlon* • 

Figure 8 shows tlie pertinent parts of a radio network control 
BHC« The radio network oontxol receives a measured offeet ^ 

20 from the mobile stations MS of a second control channel CCH2 
from a second base statlom BS2 relative to a first control 
channel CCHl from a firat base station B&l. This measured 
offset is input to a frame .offset controller 81 which ge-i> 
tterates the traffic channel offsets 1^ and 1^, vhloh vere then 

25 conveyed to the first base station BSl and the second base 
station &£2, respectively < 

Figure 9 chows part of a control channel receiver including a 
ra3ce receiver which includes a rake buffer 91* The out]>utB 
from the rake buffer 91 are given corresponding, different 
30 time shifts relative to the input: eignal« The outputs are 
connected' to throe correlators 92a^ g2b, and 92c^ outputs of 
the correlators 92e, 92b, and 92c are connected to a coie^ining 
unit 93 for combining the output r and the correlated signal ts 
output for further processing* 
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Afi optional fea^ure4 a communication link froia a base 
6i:at:ion toay be t:ransinil:tea in a csoinpreeeed mode wherein a 
frame o£ aal;a includes an inCormation part and an Idle part. 
Tills allows tlie iDol>il« stations to nrasure at laast one 
5 neighboring base station daring an UXe time slot in the 



NomalXy in cmsik systems infonsation is traneinltted in a 
stiructure of frames with fixed length, «.g-, ms. Infor- 

mation to be transraitted vithin a frame 1^ coded and spread 
together^ t^ie wxlmum allowable spTsadinq ratio is <»nven- 
tionally used resulting in continuoas transmisfilon during tho 
whoXe frame, oucii as shown In Figure XOA, :pttll fraiae -trans- 
nission is denoted the xionnal saode transmieelon herein. 



10 



IS 



20 



25 



3D 



Por reliable handover evaluation and execution, dificontinuoas 
transmission is used vith the CDMA laethod* This is aohiwod 
by Uding a lower spreading ratio, i^ereby tha spread Infor- 
mation only fills an inforoation part of a franie In the 
compressed mode^ leaving a reeidual« idle part idle in which 
no power is -transnitted, a^ shown in Pigure lOB- 

In the inethod^ the elotted code division multiple access 
comiunlcation technique iwpresses an Inforwatlonai data 
strean to be transmitted upon a higher rate data strmm to 
produce a signature sequonce. The signature sequence is 
transmitted on a channel according to a frame structure 
comprising frames, each frame being of a specific time 
duration. In contrast to previous techniques, the signature 
sequence is intermittently tra»eteltted in the compressed mode 
vherein the frame includes an infotiadtion part containing tHe 
signature sequence and an idle part wherein the signature 
sequence is not transmitted* 

The duty cycle between the information part of the frame and 
the frame duration is controlled on a frame by frame basis. 
Thu&, the compressed mode includes more than one compressed 
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node £ramd fitructur^, «&ch dif ferent: c«npre«aed laod© ©true- 
t;ixre having a different auty cycle. 

To control the transmxMian the power used on thA^ 

inrozmaliion part of tfea frame is a f uncttott of tha duty cycle 
5 In a preferred embodiment of the present invention^ Increased 
power is needed to inaintain transaission qaality if the duty 
cycle is reduced^ Durizig tfee re&t of the f raise, i.e., the 
idle part, the power is turned off • 

Jf the itfeobile station HS Lb itt «aero-di varsity node, it is 
XO necessary that ail connected base station^ »si, bs2, feS3, etc, 
employ the same transjnlfision mode fox- any given £ra»e. This 
eyndhronization can be achieved in any suitable fashion, and 
in a preferred embodiment ±m acliieved through the network MIC 
connecTtixig the base stations fiSX and BS2 ad described above. 



15 The evaluation of other carrier freguenaiea for baaing 
handover decisions is easily pref onned by using the cowpreesed 
mode in the down-linX from a base station to a nobiie station 
on a deterministic basis. The evaluation of the other carrier 
frequencies can be carried out in any suitable fashion, such 
•30 as disclosed in U.S. Patent Ho. 5,175,867 to KejJce et al- 
Either the base station or the mobile station can perform the 
evaluation in tfea up-linX or the down^linlc, and in the 
preferred embodiinent the mobile station MS performs the 
evaluation. The mobile station MS performs measurements on 
ottier carrier f reguencies during the idle part of the ccmpres-' 
sed mode frame since during this time it is not required to 
listen to the base station to which it is currently linked* 
■The measurements are relayed to the network RKC {through the 
currently linked base station or base stations) , providing the 

30 meens for a mobile assisted handover {hAHo] . 

The compressed mode is used only intermittently at a rate 
* determined by the network TOC. IThe network unc determines the 
frequency of usd of the compressed mode based on a variety of 
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tractors, such as the relative broadcaetr conditions as af £«ctGd 
toy weather and onher interfering factors # aM the relative 
osai dfinsity* Host f x-ames still use nonoal mode tranemlsoion 
in typxcal aituations* 

Ttie variation in total transmitted power from a base station 
can be smootlied by BtJdvgq^rltxq (spreading in tine) the deploy- 
»ent of cQBpressed mode over a number of users in a certain 
tine span« Since signal strength meaBurement on another 
carrier frequency is liXely to reqfuire only a fraction of a 
l^rame^ the duty oyds can be mads high, thereby reducing the 
variation in the power transaisslon. 



Sxectttion of a call handover Is handled in the compressed mode 
in a preferred eiobodiwent of the present invention. After 
^leciding on handover to a new base station broadcasting on 

as another carrier frequency « the compressed mode is entered « 
Conmnnlcation with the old base station BSl is maintained 
vhilo establishing a new llnlc during the idle part of the 
frame. Thereby complete synchronisation with the new base 
station asz is obtained, eatablishixig a «e« link. The 

20 handover is cotP^pleted by dropping the old link and returning 
to normal mode transmission, By keeping the old link after 
the new litxk is synchronized, csommunication to all hase 
stations simultaneouely can be euployed (establishing macro- 
diversity on one or wore carrier frequencies) . This scOiems 

25 for seamless inter- frequency handover can be used for both up- 
end do%in--llnks« 



The duty cycle can be varied according to the requirements for 
obtaining synchroniaation. However, if simultaneoue com- 
isiunicatidn (macro-diversity) is used, a duty cycle of about 
30 Bo4r is preferred. 

The present invention's use of normal and cajqptessed wode 
frames provides the ability to exploit the advantages of 
slotted transmissloiv'reception in hierarchical call struc- 
tures while ufilng Bs-ctfttt. It is possible to measure other 
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carrier £reQuenci«s, ^er^by providing reliable handover 
decisions^ Further « handover «xecul;ion betwesn oarriar 
£rei|U«ncies can be inad« s<»aiDle£;& toy establishing a new link 
bafore re leading the did one* This can be done witihotz^ -the 
9 need for t:wo receivers^ ThAra are otihar reasons other titan 
call handover Tot using nacro-diversity^ such M aiaintaining 
B high quality ootoiatinication link with a mobile station whan 
tha mobile atation Is traveling in an araa that has high radio 
inter fer€moa. This could be^ for G^smpl^f vben the first basa 
10 station 8S1 id the basa station of a aicrocAll, vhereas the 
second base station BS2 is a sDacrooell or an umbralXa call 
ancoop&ssing the coverage are« of the microcell^ As the 
mobile station MS goes through tha microcell« various ob&tac- 
Xss such as buildings can interfere vith the signal origina- 
ls t.ing from the first baae station SSI. Therefore^ a redundant 
signal is transn^^ted f ron tha znacrocell BS2 to assure clear 
coinmunication qUAlity* However^ the primairy purpose of macros 
diversity ie call handover* 

U-S. Patent Application Serial wo* filed 

*0 for wtllars et al* ^ herein incorporated by reference, 

offers further details on compressed mode DS-Ctm^. 

While particular eubodiments of the present invention have 
been described and illustrated, it should be understood that 
the invent:! on is not limited thereto sinca nodif ioations may 
2S be niade by persons skilled in the aT^« I'he present eppli^- 
cation conteinplates <^ny and all tnodif icatlons that fall ^rithin 
the spirit and scope of the underlying Invention disclosed and 
claimed herein i. 
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1. A mettioA of code, dlvlfilon iiHiX1ij.plo access for csllular 
covnunicatien cystem^^ eaW wethod cawpristng the ateps of? 

es1:abIlahiTi9 a call link b^twe^n a first basa station 
5 and a nobila siiatiionr 

meamringj In a nobila station, t:ha t;ine of arrival of 
a communlca-tion channel of at l«as1i ona nal^faborin? basa 
atuit^ion and said first base station; . 

tsranemitting said naasuramen'ts a network cont:rol- 
lO ler in^arcodmacting Bald base '^tation^i; 

initiating a call llnTc batveen at laaat one neigh- 
boring basa station and said mobile iSitation? aztd 

delaying tba coannunication signals from t-ranamlBsions 
or at leaet on^ o£ said first basa station and mid at least 
IS one neighboring base st.atlon suob tbal: said mobile 9tat.lon 
receives substantially Identical inf ormat;ion froca said first: 
basa station and said at least ona neighboring basa station 
vlfchln a predetemined ti)»e par iod. 

a . & method according to daiai 1 oomprising "the farther step 
20 of transmitting said cowunlcatlon signals on communication 
channels according to a frama structure. 
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3- A method aecojrding to olaln 2 comprising the further step 
of transmitting said cowwunication signals from a basa station 
in a compressed mode wherein a frame of data includes an 
information part and an idle parb^ thereby allowing mobile 
stations to measure ©aid at least one neighboring base station 
during an idla part of said compressed mode. 



4 - A laethod according to claim 1 wherein said measurement 
step includes the ateps of measuring ^ in a mobile station^ the 
30 dif f eranoe in time between recaption of signals on a non-tl»e 
delayed cdiannel from said at lea&t one neighboring base 
station and from a base station with Which said mobile station 
Is currently linked with; 

dispatching the pleasured values to a network controller? 
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informing a ba^ ^-ta'tian about a ^ine offeel; for 
"transnittiing signals f rotu said neighboring base station with 
vhich a conoiranlcatians link i& to be established on an 
assigned channel ; 

transBitting Gonmunicatlons signals from said 
neighboring ba&e station with the time of f sat; and 

if ths mobile station moves toward the neighboring 
base etatiQn4 updating said time offset. 



S. A oethod according to claim whet'eln said csorn^ 
nunicatipne signals are transmitted with a tine offset 
relative to frasias of ' a csontroX channel. 
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6. A method according tio clalw ' wherein said ccaimiunioa- 
tions link is tratiamitted with an l aitrary offset, in a down- 
linlc, ralativo to the said ' non-delayed channel and cthor 
communications channels of neighboring base stations. 



7# A method according -to claim 4, herein the predetermined 
time period corresponds to a rake vindov* 

a. A method according to claim l^ wherein said at least end 
neighboring base station and said first base station transmit 
30 cn different frequencies. 

s« A i^iethod according to claim 1^ vberein said at Zeast 

one neighboring base station and said first base station 
trano43ilt on th« saae frequency* 

IC. A syeteto capable of code division raultiplo access for 
25 cellular cowsunicatlon systems r said system coHiprislngx 

at least two base stations r each base station In^ 
eluding means for delaying a signal by an offset value and 
means for transmitting a signal delayed by said <ielay means 
and f or transaiitting a non-delayed signal; 
30 at least one mobile station Including a receiver for 

r^i^ivlng transmissions from said at least two base stations ^ 
e delay measurement unit for measuring delay in reception of 
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a iMMi-d«layed eignftl Jfrom said at l^ast;: 1;vo base s^at-ions and 
maazifi for tiransiaititin^ said d^lay udasureiaen'b; and 

a^ leA&t. atXA Mtvork e<>nt:roll«r including means tor 
receiving said delay iiieasureiaenl:s ^ meand for generating said 
5 off^fifc valua in accordance with said delay measureiaen-ts and 
BeaR& for t:ransakil:l:lng said offset values to said at least two 
)9aM stations* 

11. A system actrording to claim 10, vhereiti at least one of 
«ald at least two base stations Includes 
XO means for receiving signals ineltiding said delay 

measurenients fyam said at least one laoblle station; and 

ibeans for transmitting said delay naasurenientB to said 
netvork controller* 



A syste^w according to claim 10^ wherein said generating 
X5 tneane of eaid network controller Ineludes means for generating 
an arbitrary offset value relative to said non^daXayed signiiX-. 
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ABSTRACT (ijr piT-qf^|y^|;p>TiaiP 



A ittobixe eteit^ion can be contiect^ed to more -than oiwa i»as© 
station In a procedure known as macro-diversity, in order tcr 
sywoijronire the signals for a specific callular call 
connection, the tlna diffTerence between the connected base 
station's signal and a luaoro-diver&ity candidate base 
station's; signal is measured by a mobile station. This 
neasxiine^nent is tlion transmitted to the netwosrk. The 
ftjeasutfajRentc oan be used to achieve ^yncbronicatlon by Aeans 
of £ranke &taggrerlng« 
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